The phytopathogenic fungi Phytophthora subspecies elicit hypersensitive-like necroses on their nonhost tobacco (Nicotlana tabacum), with the exception of the tobacco pathogen Phytophthora nkotian,. In culture, these fungi-except P. nicotiarn-secrete proteins, called elicitins, that cause these remote leaf necroses and are responsible for the incompatible reaction. These proteins protect tobacco against invasion by the agent of the tobacco black shank, P. nicotlanse, which is unable to produce such an elicitor. Cryptogein, secreted by Phytophthora cryptogea, has been purified, sequenced, and characterized as an elicitin, a novel family of 10 kilodalton holoproteins. In the present paper, we examined the secretion and biosynthesis of this protein elicitor from P. cryptogea culture. Results showed that the secretion of cryptogein began later than its synthesis and stopped earlier, simultaneously with mycelium growth, when the nitrogen source in the culture medium was nearly exhausted. Electrophoretic pattems of total protein from mycelium extracts and N-terminal sequence analysis showed that cryptogein accumulated in the mycelium in its mature form. The comparison of the immunoselected in vftro translation products with IS in viva-labeled cryptogein showed that cryptogein was synthesized as a preprotein with a signal peptide removed cotranslationally before the secretion into the culture medium. Immunoselected in vitro-synthesized products were subjected to radiosequencing to cleariy determine the N-terminal position and the size (20 amino acids) of the signal peptide. Cryptogein did not undergo any other posttranslational modification.
such an elicitor. Cryptogein, secreted by Phytophthora cryptogea, has been purified, sequenced, and characterized as an elicitin, a novel family of 10 kilodalton holoproteins. In the present paper, we examined the secretion and biosynthesis of this protein elicitor from P. cryptogea culture. Results showed that the secretion of cryptogein began later than its synthesis and stopped earlier, simultaneously with mycelium growth, when the nitrogen source in the culture medium was nearly exhausted. Electrophoretic pattems of total protein from mycelium extracts and N-terminal sequence analysis showed that cryptogein accumulated in the mycelium in its mature form. The comparison of the immunoselected in vftro translation products with IS in viva-labeled cryptogein showed that cryptogein was synthesized as a preprotein with a signal peptide removed cotranslationally before the secretion into the culture medium. Immunoselected in vitro-synthesized products were subjected to radiosequencing to cleariy determine the N-terminal position and the size (20 Numerous elicitors of necrosis produced by fungi (6) or during the plant-fungus interaction (10) have been described and are considered to be responsible for the induction of the hypersensitive reaction. They serve as signals for the interaction between plant and pathogens (11) . Upon inoculation, Phytophthora nicotiana, the agent ofthe tobacco black shank, invades tobacco stems without causing leaf necrosis at a distance from the penetration site, whereas other Phytophthora species colonize tissues to a limited extent and cause necrosis in leaves at a distance from the inoculation site. Csinos and Hendrix (9) first showed that Phytophthora cryptogea, which is unable to parasitize tobacco plants, released into the culture medium a substance causing a severe reduction in growth of tobacco. In culture, P. cryptogea and Phytophthora capsici secreted low Mr holoproteins, named cryptogein and capsicein, respectively (3, 5) ; P. nicotiana did not secrete such proteins. These fungal proteins have been purified (1) even in large quantities (14) . They belong to a novel family of proteins called elicitins (13) . When applied to tobacco plants, elicitins not only induce systemic remote leaf necrosis after migration toward the leaf tissue from the inoculation site (22) , but also cause the accumulation of pathogenesisrelated proteins (4) and induce protection against a subsequent inoculation with the tobacco pathogen P. nicotianar (16) . Treatment of cell suspension cultures of tobacco with cryptogein elicits the production of ethylene and phytoalexin but does not affect the integrity of the plasma membrane (2) . Elicitins from various fungal species exhibit different levels of biological activities (15, 16) . The complete amino acid sequence of cryptogein is known (16) . It is a holoprotein of 98 residues and has a Mr of 10,329.
Because they are holoproteins devoid of side chain modification, elicitins are the only fungal elicitors that can be easily produced by genetic engineering. Nevertheless, a larger proprotein, occurring as an elicitin precursor in the biosynthesis, might be necessary for the proper folding and disulfide bridge formation. Such a project requires a precise knowledge of the biosynthesis, maturation, and secretion of the elicitin. We compared here the cryptogein secreted into the culture medium with the cryptogein accumulated in the mycelium during growth of P. cryptogea. We also compared the size and the N-terminal sequence ofthe immunoselected in vitro translation products of RNAs extracted from the mycelium with those of the native secreted cryptogein. We showed that cryptogein is synthesized as a preprotein with a 20-residue Nterminal signal peptide that is removed cotranslationally.
MATERIALS AND METHODS

Phytophthora Culture
Phytophthora cryptogea (isolate 52) from the Phytophthora culture collection at INRA Antibes was grown on a modified Zentmyer et al. medium (23) (17) . Electrophoresis was performed on a GE 4 II Pharmacia apparatus. Nonradioactive proteins were detected by staining with Coomassie brilliant blue G-250; radioactive proteins were detected on Kodak X-Omat AR film after fluorography according to Chamberlain (7) .
Westem Immunoblotting Analysis
Polypeptides were electrophoretically transferred from SDS-PAGE gels to a nitrocellulose membrane (Schleicher and Schuel BA 85 0.45,m) according to Towbin et al. (19) . After transfer, the antigens were detected on the membranes with the Protoblot AP (Promega) system kit according to the procedure described by the manufacturer. The immune serum was diluted 3000-fold.
RNA Extraction and in Vitro Translation
RNAs were isolated from mycelium by a small-scale procedure (20) using a guanidinium extraction buffer (8 The crude, cell-free translation assays (25 ML) were incubated with immune serum (diluted 50-fold) in 200 uL 10 mM sodium borate, pH 8.0,160 mM NaCl, 0.5% BSA, 0.5% Triton X-100, and 20 mm methionine for 1 h at 35°C and then at 4°C overnight (12) . The mixture was chromatographed over a protein A-Sepharose CL4B (Pharmacia) column. After washing the column with 10 mm sodium borate, pH 8.0, 160 mM NaCl, 0.5% Triton X-100, and 20 mM methionine, the antigen-antibody complexes were eluted with the electrophoresis sample buffer (4% SDS, 50 mM Tris-HCl, pH 6.8, and 2% 3-mercaptoethanol).
Protein Sequencing and Radiosequencing
Automated Edman degradation was performed with an Applied Biosystems 475A sequencer equipped with an online phenyl thiohydantoine-amino acid analyzer model 120A, with reagents and methods of the manufacturer. Native elicitin polypeptides were spotted on glass-fiber disks and analyzed by standard procedures. In vitro translation products were recovered on Problott membrane disks (Applied Biosystems) by centrifugation according to Sheer (18) Figure 1 shows the secretion of cryptogein and its accumulation in the mycelium during culture. Direct analytical RPLC was performed on aliquots of the culture filtrate (Fig.  IA) and on mycelium proteins extracted with water. Cryptogein eluted at 27.5% CH3CN; the amount of elicitin was determined at each step. As shown in Figure I B, after 2 d of culture, the amount of cryptogein increased steeply and leveled off at day 9 (50 mg L-'). Mycelium dry weight leveled off also at day 9 (13 g dry weight L-' of culture medium). The ratio of secreted cryptogein to mycelium dry weight was roughly constant during mycelial growth. Only 5% of the initial amount of Asn remained in the culture medium after 8 d of culture. The amount of cryptogein accumulated in the mycelium during culture gradually increased, then leveled off at day 14. Cryptogein in the mycelium corresponded to onethird of the total cryptogein at day 2, and nearly one-tenth later.
Characterization of Cryptogein Accumulated in the P. cryptogea Mycelium Figure 2A shows the electrophoretic patterns oftotal protein extracts of P. cryptogea mycelium carefully washed from culture filtrate to avoid contamination by cryptogein released by cellular lysis. From day 2 to day 28, the electrophoretic patterns were identical for bands with Mr above 20,000. However, a band with a Mr of 10,000 became detectable in the course of mycelium growth, although quantities of total protein loaded were equivalent.
After electrophoresis and western blotting of mycelium extract proteins, the immobilized antigens were detected by polyclonal antibodies raised against cryptogein (Fig. 2B) cysteine, the maximal radioactivity was observed at the 23rd degradation cycle (Fig. 4) . After more than 20 Edman degradation cycles, the poor solubility of some degradation products of ATZ-cysteine gave rise to a rather broad peak of radioactivity. These results showed that 22 amino acids separate methionine and the first cysteine. No other methionine was found in the N-terminal sequence. The N-terminal end of these in vitro-synthesized proteins was found different from the mature cryptogein, in which no methionine was found before position 35 and the first cysteine at position 3.
Characterization of mRNAs Directing Cryptogein
Synthesis during Phytophthora Culture Total RNAs extracted from day 2 to day 28 mycelia were translated in a wheat germ system with [35S]methionine as the labeled amino acid. The fluorographic patterns of in vitro translation products (total and immunoaffinity isolated) are shown in Figure 5 . (Fig. 2) . Immunoselected in vitro-synthesized products corresponded to a single band (Figs. 3 and 5B) .
The difference between kinetics ofappearance ofcryptogein based on protein staining ( Fig. 2A) and on immunodetection from western blots (Fig. 2B) (21) . No larger immunoselected protein was observed in in vitro translation products. Therefore, there is no long-term posttranslational modification of the cryptogein polypeptide chain, such as cleavage of a proprotein. So, cryptogein was synthesized as a transitory preprotein with an extra peptide of 20 amino acids located in the N-terminal position and cotranslationally transformed into mature cryptogein, which accumulated in the mycelium in the processed form.
In conclusion, we demonstrated that cryptogein is synthesized as a preprotein undergoing the removal of a N-terminal peptide of 20 amino acids. This signal peptide removal occurs in the mycelium, i.e., before secretion of elicitin into the culture medium. This leads us to conclude that cryptogein production by the fungus is performed in at least two steps in two compartments. Cryptogein is cotranslationally secreted initially into a cellular compartment isolated by a membrane, then exported subsequently to the exterior medium. Further studies will explore the mechanisms of this secretion at the cellular level.
No side chain alteration of cryptogein was observed except disulfide bond formation (15) . The only posttranslational modification is cotranslational and only concerns a signal peptide cleavage. The conformation of the mature protein should correspond directly to the primary structure (minus signal peptide) with a spontaneous folding. If the biologically active molecule is formed in this manner, it would be possible to expect a procaryotic vector to produce cryptogein, making feasible the engineering of elicitin-like molecules, devoid of their necrotic properties, for protection against Phytophthora.
